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DETAILED ACTION 

Claims 21-37 are pending in this Office Action. Claims 1-20 were cancelled by the 
Applicant (15 September 2003). 

Reasons for Allowance 

The polynucleotides of the Instant Application encode a novel and nonobvious DR6 
receptor similar to a TNF receptor, as confirmed recently by others (see, for example: Schmidt, 
et al, 2003, J. Exp. Med., 197(1): 51-62). The peptides encoded by the instant claimed nucleic 
acids were disclosed in the parent Application (now Patent 6,660,839; Deen, et al, 2003). The 
claims of the instant application are directed to the polynucleotides of SEQ ID NO: 3 and 5, as 
well as the recombinantly-produced peptides of SEQ ID NO: 4 and 6. The claims are free of the 
prior art, as the polynucleotides have not been studied in the prior art. The specification provides 
experimental evidence of utility and enablement under 35 U.S.C. 1 12, first paragraph. The 
claims also meet 35 U.S.C. 1 12- second paragraph requirements because the claims point out 
and distinctly claim the invention. 

Advisory information 

Any inquiry concerning this communication or earUer conununications fi-om the 
examiner should be directed to Sandra Wegert whose telephone number is (571) 272-0895. The 
examiner can normally be reached Monday - Friday fi-om 9:00 AM to 5:00 PM (Eastern Time). 
If attempts to reach the examiner by telephone are unsuccessful, the Examiner's supervisor, 
Brenda Brumback, can be reached at (57 1 ) 272-096 1 . 
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Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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Enhanced B Cell Expansion, Survival, and Humoral 
Responses by Targeting Death Receptor 6 

Clint S. Schmidt, Jinqi Liu^Tonghai Zhang, Ho Yeong Song, 
George Sandusky, Karen Mintze, Robert J. Benschop, 
Andtevv Glasebrook, Derek D. Yang, and Songqing Na 



Department ofBioresearch Techrtolc^ies and Pltoteifis, UUy Researdt LaboMtories, Eli Lilly and Company, 
Indiampolis^IN 4628S 



Abstract 

Targeted disruption of death receptor (DR)6 resuJte in enhanced CD4* T cell ckpansion and T 
helper cell type 2 difierentiation after stimulation. Similar to T cells, DR6 is expressed on rest- 
ing B cells but is down-reguhted upon activation. We examined DK6'''' "B cell responses both 
in vitro and in vivo. In vitro, DR6"'* B cells undergo increased proliferation in response to 
anti--immuno^obalin M, and-CD40, and lipopolysacchatide. This hyperproliferative response 
was due. at least in part, to both increased cell division and reduced cell apoptosLs when com- 
pared with wild-type B cells. Consistent with these observations, increased nuclear levels and 
activity of nuclear &ctor kB nranscription fector, c-Rel, and elevated Bci-x, expression were 
observed in DR6"' *'B cells upon sdniulation. In addition, DR6"'" B cells exhibited higher 
surface levels of CD86 upon activation and were more effective as antigen-presenting cells in 
an allogeneic T cell proliferation response. DR6 " mice exhibited enhanced germinal center 
fomiation and increased titers of immunoglobulins to T-dependent as well as T-independent 
type I and U antigens. This is the first demoastration of a regulatory role of DR6 in the acdva- 
tion and function of B cells. 

Key woids: hyperproliferation • TNFR superfamily • apoptosis • CD40 ♦ spleen 



Introduction 

Members of the TNF/TNFR family play a critical role in 
the regulation of inflammation and immune responses 
along with lymphoid tissue homeostasis (1, 2). Many 
TNF-related ligands and their cognate receptors induce 
regulatory sign a b in primary cells and stimidate divene 
fiignaling pathways, including the activation of caspases, 
the oranslocation of nuclear factor (NF)*-kB, and the acti- 
vation of mitogen-actix'ated protein kinases such as c-Jun 
aniino-tenninal kimuse or extracellular signal regulatory ki- 
nase (1), Consequcndy, several TNF/TNFR fimily mem- 



CS. Schmiclc u»d J. Liu coiitribnted equally to this work. 
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hers have been shown to be essential for both the etiology 
and progression of adaptive immune responses. Specific- 
cally. those involving interactions between T and B cells, 
such as CD40L/CD40, OX4()L/OX4<.\ and BlyS/ 
(TACl/BOMA/BAFF-R.], have been shovni to contrib- 
ute to die generation of an eftective immune response (3- 
17). These investigations indicate that TNF/TNFR family 
member interactions can control several aspects of B ceB 
biolog)' including development, homeostasis, activation, 
and tolerance. 

Menibers of die NF-kB transcription fector femily, in- 
cluding c-Rel, are regulated by many TNF finiily mem- 
bers and tlieir receptors and arc essential for mitogen- 
induced prolifcrarion ofB cells (18-21). C-Rcl-deficient B 
cells proliferate poorly and have survival defects after stim- 
ulation (21). C-Ret is also required for cell cycle progression 
of B cells (22). It lias been demonstrated, however, diat 
urnnsgenic expression of Bcl-X|^, a c-Rel gene target, can 
rescue c-Rel-deficient B cells from tlieir survival defects 
(23). Thus, regulating the traascriptional activity of NF-kB 
family members Ls a vital step in controlling B cell fuiic- 
titms, especially during activation. 
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Deatli receptor (DR)6 is a death domain-containing re- 
ceptor within the TNFR superfimily and its expression is 
observed in a number of dssues, including lymphoid tissues 
(24-26). However, die complete physiological fuiicbons of 
DR6 remain unknown, R.ecent studies of DR.6-deficient 
(D*R6"^") mice have demonstrated that DR6 serves as an 
important regulator for CD4* T cell proliferation and Th 
ditTerentiadon (25, 26). However, because T and B cell in- 
teracdons provide niutually beneficial signals that are con- 
ducive to a protective immune response, targeted disrnp- 
don of DR6 may also have intrinsic etTects on B cells and 
humoral immune responses. 

In this study, DR6 was shown to be expressed on naive 
B celk from WT mice and rapidly down-regulated upon 
activation. The proliferation and cell division of DR6"*'^*' 
B cells in response to stimulation in vitro was enhanced 
compared v^th WT B cells. The absence of DR6 aug- 
mented B cell functioas in vivo as evidenced by increased 
production of Ig isotypes in response to both T cell- 
dependent and T cell-independent antigens. Histological 
analysis revealed enhanced splenic germinal center fonna- 
tion in DR6"'"" mice after in vivo antigen challenge. In 
addition, DR6"' * B cells exliibited higher nuclear levels 
of c-Rel, increased expression of Bcl-x^, and decreased 
cell apoptosis upon activation compared with WT B cells. 
Together, these findings offer evidence that DR6 provides 
a regulatory mechanism for B cell activation and humoral 
inuniine responses. 

Materials and Methods 

Mice, The generation aiid maiiiteiaancc of DR6"'' " inice 
along with WT littennates have been previously described (25). 
BALB/c mice were purchased from HarJan. All animals 

were kept in American Association for Accreditation of Labora- 
tory' Animal Cart^-accredited pathogcn-frcc ^cilities and pro- 
\idcd sbindard laboratory dice and water ad libitum. 

B Cell CuUttK and Prolifiration Assay, Splenic cell suspen- 
sions were isolated from 8-10-wk-old WT and DRb"'" mice 
by homogenizing spleens between frosted glass slides (Fisher 
Scientific) and removing lUiCs with ACK lysing buffer (Bio- 
Whitraker). B cells were enriched by positive selection using 
magnetic antt-B220 niicroheads and autoMACS^ magnetic 
cell sorter (Miltenyi Biotec). The purity of isolated B cells was 
subsequently analyzed by flow cytometry and found to be 93- 
97% 6220"* . Pun6ed B cells were cultured in triplicate wells 
(5 X lO-"^ cells/well) of a Cosur* 96-well tissue culture pUte 
(Corning, Inc.) in RPMI 164() medium (Invicrogen) supple- 
mented with 2 mM L-giutamine, 23 inM Hepes, 100 U/inl 
penicillin^ 100 fig/mJ streptomycin, 5.5 X 10"^ M 2-.ME, and 
10% PCS (all supplements are from Invirrogcn) at ZTC, 5% 
CO2 with or widiout diflcrcnt stimulators for 72 h. Stinmla- 
tors included 5 p-g/ml LPS {Escherichia cqH 055:B5; Difc(j), 10 
jjig/ml anti-CD40 (HM40-3: BD Biosciences), and 21) jxg/ml 
whole rabbit anti-mouse IgM (Zynied Laboratories). Proiifer- 
ation was measured by incorpoi^tion of I fxCi/weil [-^HJthy- 
midinc (ICN Biomedicals) during the last 12 h of culture us- 
ing a filtcrmate harvester (Packard hisir\uuent Co.) and a 
1450 microbera liquid scintillation counter (Amcrshani Bio- 
sciences). 



Flow CYtomttry, CtW subsei analysis was performed by pre- 
paring ceU suspensions from RBOlysed spleen, bone marrow 
(one femur), PBL, and peritoneal exudate cell (PEC). Cells 
were suspended (1--2 X IC^ cells/saraple) in PBS plus 0.1% 
BSA (Fraction V; Invitrogen) and inidally blocked with Fc 
Block^** (BD Biosciences) at 4*'C for 30 min. For analysis of B 
cell purity after positive magnetic sorting, cell suspensions were 
stained with CD451VB220*FITC or CD4-.FITC (bodi from 
BD Biosciences). For analysis of tiiature« immature, and uur- 
girud zone B cell popubuons in the spleen and bone marrow, 
cell suspensions were tirsi stained widi CD45R/B220>Cy- 
Chrome'''" (BD Biosciences), Mature and inmiature J3 cells 
were tdenrincd using anti—mousc IgM-FlTC (BD Biosciences) 
and anti-u)ouse IgD-PE (Southern Biotechnology Ass^ociates, 
Inc.). whereas marginal zone B cells were identified using 
CD21/35 (CR.2/CR1)-FITC and CD23-PE (both from BD 
Biosciences). Oil suspensions from die spleen, PBL, and PEC 
were analyzed for Bi B cells using CD45R/B220-FITC and 
C'DS-PE (both from BD Biosciences), fsotype control Abs in- 
cluded FITO, PE~, and CyChromc'^^-conjugated rat IgC^e^K 
and rat IgC^bK (both from BD Biosciences). 4X10^ lympho- 
c>'te-gatcd evciits were collected and die percentage for each 
gated cell population was nmltiplicd by the tociil number of live 
cells (determined by tr>'pan-blue exclusion) recovered frcmi 
each site to provide absolute numbers. 

Phenotypes of WT and DRfj"*'" B220* cells in cultures gent-r- 
atett as described above were determined at specific rime points 
by staining widi anti-CD80 {B7.l)-PE, CD86 (B7.2)-PE, or 
MHC class II I-A^ CD54 (ICAM-l), CD69 (Very Eariy Aciiva- 
tion Andgen), and CD95 (Fas) along with hamster IgGK and \, 
rat IgC^jK, and mouse IgG^tK isotype controls (all from BD Bio- 
sciences). Sur&ce expression of DlCfi was determined by staining 
widi either biotinylated goat and-human DR6 antibody or con- 
trol biotinylated nornial goat IgCJ (R&D Systems) and specific Ab 
binding was detected with streptavidin-P£ (BD Biosciences). 
C^ro,ss-reacdvity of the anti-human DR6 antibody with murine 
DR6 was confirmed by flow cytometric and Western intmuno- 
blot analysis (unpublished dat^i). UKOOO lymphoc>te-gated events 
were collected and determined to be live cells via duplicite sam- 
ples stained with propidiuni iodide (Molecular Probes). The 
binding of annexin V to cell surface phosphatidylscrine was as- 
sayed on anti-IgM, anti-CD40, and LPS-activated B cells from 
WT and DR6' mice using die Ajuiodn V-FITC apoptosis de- 
tection kit (BD Biosciences). Ail flow cytometric data were col- 
lected with a FACSort'^' (Beccon Dickiuson) using CellQuest''*^ 
sofcwaj-e (Bccton Dickiiison). 

Cell Dimsioit Analysis. Splenic B cells from naive mice were 
labeled with 5-(and C)*'Catboxyfluon!Scein diacetate, succmimidyl 
ester ((^FSE; Molecular Prol>cs) according to established proto- 
cols (27). In brief, suspensions at 10' cells/ml in HBSS were pre- 
warmed to 37^C. (^F.SE was then added to a final concentration 
of 1 pM and the cells were incubated for 10 min at 37*0 with 
occasional mi)dng, followed by the addiuon of 1()X volume of 
ice-cold RPMI medium containing FC<$. After wasliing 
twice with RPMI medium, (^F$£-]ab«Ied cells were cultured as 
described above widi or without either 5 p.g/ml LPS, 10 jig/nd 
anti-CD40, or 20 p-g/ml anti-IgM for 24, 48. and 72 h bet()rc 
flow c^'tomcaic analysis. Lymphoqac-gaied popularions were 
determined U) be live cells via duplicate samples stained with pro- 
pidium iodide (Molecular Probes). Histogram peaks denoting 
specific daughter cell gencrarions were dctcrmuted by inidally an- 
alyzing the CFSE mean flunnssccnce imcasity of cells left in me- 
dia alone, and then identifying peaks diat corresponded to one- 
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hair of this incaii (luaresccnce intcruity (cell division one) and of 
.subsequent genendons. 

Western Blot attd Gd MobiUty SItifi Assay (CMSA), 1.2 X lO^ 
WT and D^6 * splenic B cells were siiniuhted wth U) fig/nil 
anti-IgM or 1 ^g/ml ajKi-CD4l), collected, and washed with 
PBS. Cytoplasmic and nuclear protein extracts were isobtcd ac 
time points (if 0, 30 min, and 4 h using NE-FER^^ Nuclear and 
Cytopksinic Extraction Reagents (Pierce C^heinic;!! C^o.) and 
quantified for total protein content by BCA assay (Pierce Chcini- 
cil Co.). Equivalent amounts of protein were separated using 
SDS-PAGE» uraiLsfened to nitrocellulose membranes, and blots 
were probed with andbodies specific to c-Rcl (C; Sauta Crut 
Biotechnology. Inc.)> 

For Bc1-Xl Western blobi, whole cell lysates from B cell cul- 
tures were siinuilaied with ^mri-IgM or anu-CD4(> for 0 and 4 h 
and prepared in 1 X RlPA buffer (150 mM NaCl, 1% NP-.40, !>0 
uiM m, pH 8.0, 0.5% sodium deoxycholate, and 0.1% SDS). 
Cell lysiites were quandfied for total protein content by BC^A a.s- 
.say (Pierce Chemical C^o.) and equivalent amounts were loaded 
for SDS-PACE followed by transfer to nitrocellulose membranes. 
Bcl-Xt, in and-CD4<)~stimulated samples was detected with rabbit 
polyclonal and~'Bcl-XL(Cell Signaling Technolog>s Inc.). whcrea,s 
mouse monoclonal and-Bckx^ (H-5; Santa C'ruz Biotechnology. 
Inc.) was used to detect the protein in anti-IgM-ircated samples 
as the stimulus a rabbit and~mouse IgM (jx chain-^peciGc) 
antibody diat was detected by the original secondary andbody 
(lioiseradisli peroxidase anti-^bbit). All blots were probed with 
mouse anti-p acdn (Sigma-Aldrich) as a lo^xding control. C-Rcl, 
Bc1-Xl» and ^ acrin proteins were detcaed with horseradish per- 
oxidase-conjugated anri-rabbit or and'<nnow;e secondary and- 
bodies Qaclcson InnnunoResearch I^aboratories) and developed 
by SupcrSignai* West Pico Chemilnminescent Substrate kit 
(Pierce Chemical C^o.). 

GMSAs were performed as previou.»Jy described (28) using 2 
nuclear pwteim and O.S fig poly [d (l-C!))], The following oli- 
gonucleoddes (Sigjna-Aldrich) containing binding sites for c-Rel 
were ased as probe: tirst strand: .S'-gggAGTTCJAGGCJGAC" 

TrT(:cc:AGG(:.3'; second strand: 5'-gcc:tgc;gaaagtc- 

CCC*TCAACT-3'. Small Icttcn indicate linker nucleotides for 
labeling purpose.s. Q>Id homogenous oligonucleoddc wa.H u.sed 
for compeddon assays to test the specific binding. Anri-c-Rel (C; 
Santa Cruz Bioteclmology, Inc.) was added after the nuclear pro- 
teins were incubated with die piobc and used for supershift as- 
says. 

MLR. Splenic 13 cell cultures from DR6"*'" mice and WT 
littermates (H-2K*') were sdmulated with 10 jtg/ml and-C:D40 
for 24 h. And-C04(V-trcated B cells were then wa.shed and irra- 
diated wirii 3,000 rads fiom a *"C$ source at 250 rads/min and 
used as allogeneic sdmulator cells (29). Rcs}>ondcr splenic CD3 * 
T ceUs from BALB/c mice (H-2K''), i.'iobted by positive "mag- 
nedc cell sotting (Mtltenyi Bio tec), were maed with the sdmu- 
lator cells. Both cell populadons were seeded at 4 X 10"^ cells/ 
well in a 96-weil plate in 0.2 ml of Iscove*s utodifted Oulbecco*s 
medium supplcmemcd vwth 10% PCS, 2 mM gluiamine, 100 
U/nil penicillin, and 100 (Jig/ml streptomycin. After 72 h of 
sdmuladon. wells were pulsed with 1 (A.Ci of pH]thymidinc and 
tncubiitcd an addtdonal 6 li before harvesting and coundng as dc- 
scnbed above. 

Serum Immmo^lohuVm Atwlysis. 8-10-wk-old DR6~^" mice 
and WT littennates wei*e chidlenged intiaperitoneally widi 100 
p,l PBS (CaCU- and MgCl2-frec; Inviirogen) solution containing 
either 10 ji§ 4-hydroN7-3Hiitropheny]acetyI (NP) -conjugated fi- 
coll (NP^^-AECM-Ficoll; Biosearch Technologies), 20 pig NP- 



LPS (Biosearch Technologies), or 50 Jig NP-conjugated KLH 
(NP3A*KLK; Biosearch TechnoIoKie.<() in 100 \l\ soludon of CPA 
(J>ifco) on day 0. Serum was collected betbre (pretmmune) and 
on days 4, 7, and 14 after challenge, NP-<ipccific Ig Lsotypes fi^om 
each group were quandfied by coadng ELISA plates ((2ostai^ 
overnight at 4*'C with 10 jLg/ml NP^j-BSA (Biosearch Teclmol- 
ogics) in 50 mM carbonate /bicarbonate buftcr (pH 9.6; Sigma- 
Aldrich). Plates were blocked for 1 h at room temperature (n) 
with 1% geladn in Tris-bufTcred saline (TBS: Sigma-Aldrich) and 
washcil three dmes widi TBS plus 0.05% Twcen-20 (TBS-T; 
Sigina-Aldrich). Serum samples sehally diluted in 0,\% geladn/ 
TBS were added and incubated at rt for 1 h. After tliree washes 
with TBS-T, plates were incubated for 30 min at rt with alkaline 
phosphatase-conjugated goat and-mou.se IgM and IgG lsotypes 
(SB A Cl^lonotyping*"'** System/ AP; Southern Biotechnology Asso- 
ciates, Inc.). Plates were wa.shed five dnics with TBS-T, followed 
by the addidon of p^nitrophenyl phosphate substrau; soludon and 
read after 25 nun at 405 nni on a vmax kinetic microplate reader 
(Molecular Devices). All data were quandfied against the purified 
mouse isotype standards (Mouse Immunoglobulin Standard 
Panel; Southern Biotechnology Associates, Inc.), BSA-coaied 
plates gjivc no detectable binding of serum isotypes. 

Iftttttuitohistodimistry. 8~10-wk-old DRfr^" mice and WT 
littermates were challenged intraperiioi»ealh' with 50 {xg NP- 
KLH in CPA as described above. Tissues were fixed ovemiglit in 
zinc-bulFcred formalin (Rshcr Scicndfic) and then transferred to 
70% orlianol before processing through paraffin. Five micron sec- 
dons were generated by microtome and secdons were placed on 
posidvc-charged slides. Slides were baked overnight at (iO'C, de- 
parafiinizcd in xylene, and rehydrated through graded alcohols to 
water (30). Antigen retrieval was perfonned by immersing die 
slides in Target Retrieval Soludon (DakoCytomadon) for 20 min 
at 90*C in a water badi, cooling at rt for 10 min, wasldng in wa- 
ter, and then proceeding with immunostaining. All subsequent 
stiiining steps were performed on the Dako Autounmunoscainer. 
Incubadons were perfbmied at rt and TBS plus 0.05% Tween 20, 
pH 7.4 (DakoCyt(miadon), was used for all washes and diluents. 
Slides were blocked with protein blocking soludon (I^;ikoCyto- 
madon) for 25 min. After washing, 10 ^.g/rnl of either biodii- 
ylatcd anti-mouse C^D4SR/B220 (BD Biosciences) or biodn- 
ylated peanut aggludnin (I'^NA; Vector Laboratories) was added 
to the slides and incubated for 60 min. Streptavidin-horscrudi&h 
peroxidase kit (LSAB2; DakoCytomadon) was dien used along 
widi a 3,3'-diaminobcnzidine clu'omagen. Slides were removed 
firom the autostainer and counter-stained widi hemuroxylin for 30 
s followed by permanent moundng and light microscopy analysis. 

Statistical Aiuilysis. The stadstical significance of data pre- 
senuid in Figs. 1 D, 3, A*C, and 5 1^ was dctemmied by two- 
sampled Student's / test as noted. 

For in vitro anncxin V binding dau (see Fig. 3^ (^I) and in 
vivo iimnunoglobulin data (see Fig, 6). a mixed efiects model was 
fit using the compound synunctry co variance structure. The 
tem\s used in this model were "Treaonent" (WT vs. DR6*''*"), 
"Day" (4, 7. and 14 for Fig. 6 and 24, 48. and 72 h for Fig. 3, G-I). 
and "Trcatment*Day" interacdon as fixed effects and "Ani- 
nvsd$ nested within Treamient" as the random eftccL Baseline 
protein expression levels were included as covariaccs in die modd 
whenever appropriate. Because the distribudon of the protein ex- 
pression levels was not symmetric, Box-Cox traasfonnadon 
method (31) vm used to transfomi the dau to ensure symmetry 
and homogenous variance. The tmxed effect model was fit for 
this traasformed data using the JMP software, version 4.0.2. 
Within the fiaimework of this mixed eflfccts model comparisons 
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between DRO "'' ' and WT treatments were made for days 4, 7, 
and 14 (see Fig. 6), and 24, 48. and 72 h (Fig. 3, C^-I). Statistical 
significance was ciaiined when the two-tailed 1^ values were 
<0.05. 



Results 

B Cdl Development and Populations in DK6 '^ ' Mice. 
Although the two previous reports on DR6''^ " mice indi- 
cated no gross liistological defects nor differences in 
B22()*^ cell populations (25, 26), we evaluated whether the 
absence of DR6 affected B cell developtnent and/or pop- 
ulations of convencional B2, Bl, and marginal zone B 
ceils. Cell preparations from the spleen and bone marrow 
of naive DRfr^" or WT mice were analyzed for mature 
and immature 0 cell populadotis by staining for surface 
levels of IgM and IgD (Fig. 1). Tlie absence of DR6 did 
not significantly affect the mature (IgM*^"" and IgD*****) or 
immature (IgM*^** and IgD**"") comp;]rtment in the spleen 
or bone marrow with respect to eitlicr percentage or abso- 
lute numbers (Fig. .1, A and D; P > 0.09 for all compared 
populations). Adclidonal analysis of the spleen for marginal 
zone B cells (B220'^, CR1/CR.2+, and CD23'*'^^ also re- 
vealed no significant (P > 0.9) differences in percentages 
or absolute numbers when compared with WT littermates 
(Fig. I, B and D). To determine if Bl ccU populatiotu 
were present in DR6"^" mice, primaiy cells from die 
spleen. PBL, and PEC were analyzed for CD5+ and 
B220^ populations. DRfr^*" mice cxliibited simibr per- 
centages of Bl cells in all tliree sites (Fig. t C) and abso- 
lute numbers of these cells were not significandy different 
(Fig. I D; P > 0.09 for all three sites). In addition, no sig- 
nificant differences in B cell turnover in naive 



and WT mice were observed as measured by bromode- 
ox^airidine incorporation (unpublished data). Together, 
these data suggest diat tai^eted disruption of DR6 causes 
no gross detects in B cell lineage development or periph- 
eral populations. 

B Cell Surface Expression of DR6, Previously, it was 
shown that DR6 transcripts w^ere expressed in adult lym- 
phoid tissue such as spleen and lymph node (25, 26)» To 
examine if surface levels of DR6 are expressed and regu- 
lated on B cells, B220"^ cells from the spleens of tiaive 
DR6""'"* and WT mice were stained for surface DR6 be- 
fore and after stimulation with either anti-lgM, anti-CD4(), 
or LPS and subsequently analyzed by flow cytometry. Sur- 
&ce DR6 ^'as detected on naive WT B cells before stimu- 
lation (Fig. 2 A, 0 h), however, this expression was down- 
regulated after treatment with either and-IgM, anti-CD40, 
or LPS (Fig. 2 B). Gradual loss of surface DR6 appeared to 
occur during die iniriaJ 12-24 h of culture and was unde- 
tectable above the goat Ig control by 24 h after stimulation 
(Fig. 2 B). In contrast, DR6 expression was still detected 
on WT B cells after 24 h in media alone, indicating that 
loss of DR6 surfece expression was activation dependent. 
B220**" cells from DR6"^ * mice exhibited no positive stain- 
ing above the goat Ig control (Fig. 2 C). These data suggest 
that DR6 surface expressicm is lost upon stimulation and 
may play a role in activation. 

Enfiamut B Cell Proliferation in the Absetue of DR6. The 
differential expression of DR6 between resting and acti- 
vated B cells implies diat DR6 might play a regulatory 
role in B cell responses. To address this, B cell prolifera- 
tion in response to different stimulators was examined in 
vitro. Purified B ceils (93-97% B22i)*) were activated 
with either anti-IgM, anu-CD40, or LPS for 72 h and 




Figure 1. Mature, ijitinnture, marginal 2onc. 
and Bl B cell popuktionst in 0K6"'" mice. Sin- 
gle cell ^mpefL^ions of xplccti, bcuic imrrow (1 fc* 
iimr)» PBL, and PEC from groijp.s (n - 5) of na- 
ive DR6-' ' (-/-) and WT (wt) littcnmtcs 
mice wvr^ iwlatcd and analyzed l>y flow cytoiiie- 
try. (A) Splenocytes and B220^-gated bone 
tnairciw colls were aiuil>'zcd R»r proporticins of 
mature (M, IgM''''" and IgO'''*^) and inuiiutww 
(I, IgMWe"' and lgl>'") B ccU populariore; as de- 
noted by gates. (B) Analysis of uurginal tone B 
ceUA (a<.l/CR^'»'Mnd 0023"^ (torn »220». 
gated $plcnoc>te« of DRO'' " and WT mice as in- 
diared by rlie gate. (Q Percentages of B l D cells 
(B220*- aiul CDS ^) from spleen, PBL, aiul PEC 
of naive DRfr *" mice, and WT littermates. (D) 
Abvolutc numhcn) of mature, immature, B 1 , And 
iuai)^nAl zone B cells (MZB) are rcprestMited and were detennined liy niuUiplying the total tisstic live 
cell count by the pcrcenuges described ab«>ve from DR<S' ' * and WT mice. Tissues include spleen 
(SPL), bone niatrow (BM). PBL, and PEC, Results sImwti arc representative of two independent ex- 
periments. Values shown represent the iwtzu and error bats repre.'tent the SD. *, P < O.Ol. 
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Figure 2. Oo\vii-re|tubicd DR6 sur* 
face expression on activated B celb. 
B cells were purified from spleen using 
positive sdection m described in Materi- 
als and Methods. Q220* ceUi were acti- 
vated with 20 M^ml auti-IgM, 10 
nil anu-C04(), or 5 |Jt«/ml U^S ;md 
then analyzed for DK6 exprrsion by 
flow cytoiuetT)'. Surface expression gf 
DR5 ni&^nred before (A) and 12 
and 24 h after plating (B). Solid line his- 
cograiiLt represent anti^-DRG staining 
and dashed line histognmis represent 
biotinylatcd goat Ig control. (C) DM* 
deficient (DRfi**'") B cells wew used 
for confirming Ab specific staining. Loss 
of DR6 surface expression on WT ccBs 
between 12 and 24 h ivas dq>endcnt on 
stimularion, as cultures left in media 
;ilonc (no sfiniulus) for 24 h luid no sig> 
nificaiit loss of DK6 surface expression. 
Y axis represents relative cell number 
and X axis rquesentt lo^n, fluorescence 
intensity. Data shown are rcprcsentarivc 
of three independent experiments. 
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proliferation was measured. Levels of pHJthymidine in- compared with that of WT B cells with all three stimuli 

corporation in B cells using all three stimuli were widi the exception of LPS stimulation at 24 h. Together, 

significantly higher than that of B cells from WT mice these results indicate that enhanced cell division progres- 

(Fig. 3, A-C). These 72-h cultures were essentially free of sion and decreased apoptosis conuibutc to die increased 

contaminaring CD4* T cells (<0.9%; unpublished dau) proliferative response of DR6"'"B cells as measured by 

and little to no (^H]thymidine incorporation was observed I'M] thymidine incorporation. 

in the absence of stimulation (Fig. 3, A-C). Tltese results Imeascd Levels and Aciwity of Nuclear C-Rd and Elevated 

suggest that DR6 affects B cell proliferation induced by a Ikl-Xi Expressioti upon Actiuation ofDR6' ^" B Cells, C-Rel 

variety of stimuli. is one of the critical transcription factors conn^oliing B cell 

Absence ofDR6 Promotes Cell Dimhn Pr<^rcssion and Sur- proliferation and survival especially after activation by B 

tnval of Mitojten-stmulafed B Cells. Although 0116*"'" B cell receptor (BCR) or CD4() cross-linking (21, 22, 32). 

cells show increased PHJthymidine incorporation after ml- Cultured B cells from WT and DR6 mice were stiinu- 

togen stimuladon compared with WT B cells, it is unclear lated with anti-lgM or anti-CD4(), and at different time 

whetherthisisaconsequenceofincreasedceUdivision.de- points nuclear and cytoplasm extracts were prepared and 

creased apoptosis, or possibly a combination of bodi. To used for Western bltJt analysis. As shown in Fig. 4 A, in- 

address these ijisues, we perifonned cell division md cell creased nuclear levels of c-Rel were ob.served in DR6" ^'" B 

death analysis on mitogen-activated splenic B cells from cells upon stimulation widi anti-CD40 and anti-IgM. 

WT and DR6"^" mice. Before culture with either anti- DRft"' " B cells exhibited marked increa.ses of miclear 

IgM. anti-CD4(), or LPS, B cells frotn naive mice were la- c-Rel compared with WT B cells after 30 min .stimuladon 

beled widi CSFE and C:FS£ fluorescence was monitored widi cither anri-Ci:)4() or anti-IgM (Fig. 4 A, top). DR6 ' ' " 

after 24, 48, and 72 h of stimuladon (27), Relative to B B cells still di.splayed a higher abundatice of c-Rel in the 

cells from WT mice, an increased number of cell division nucleus than WT B cells after 4 h of and-lgM stimulation 

cycles was clearly demonstrated in DR6"^ * B cells at all (Fig. 4 A, bottom), whereas anti-CD40-trcated B cells 

time points and with all three .stimuli (Fig. 3, D-F). The.se showed no difference. 

data indicate chat DR6 influences B cell proliferation by Consistent with the Western blot data described above, 

regulation of cell divisi<m. increased nuclear c-Rel-DNA complexes were observed 

To examine whether there wa.s a direct effect of DR6 on using nuclear fractions of activated DRfr'" B cells as vi- 

B cell apoptosis, annexin V binding was analyzed 24, 48. sualized by GMSA analysis (Fig. 4 B, top). In addition, the 

and 72 h after the treatment of WT and DR6~''^ B cells c-Rel-DNA complex was supershifted by the addition of 

with cither anti-IgM, anri-CD40, or LPS (Pig. 3, G~l). anti-c-Rcl Ab (Fig. 4 B, btutom), indicating that the in- 

F»g; 3, G--I, shows that the percentage of annexin pro- crease of miclear c-Rel from activated DR6'^^" B ceUs 

pidium itxlide" DR6 B cells was sigiuficandy h>wcr correlates widi increased protein-DNA complexes. These 
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Figure 3. EiFcct of DR6 deficiency on B cell proliferation, ccU divbdon. and survival, B 
cells imiliUcd fruni spieciLS of H-lO-wk-old DlX6-detidcnt ' ") and WT littcrinatc 

control mice were jtinnulated with 2f> }i^/m\ anti-fgM (A), 10 \l^w1 aiiti-CD40 (D), or 5 
pLg/ml LPS (C) ta described in Matcriak and Mcdiods. CcWs were cultured in inpUcaUrs in 
96-wcll plates for 72 li and 1) cell proliferation was measured by PH]dtymidijie incoipf>ni- 
tioii during the final 12 h of Culture. Values shown represent the mean and error ban repre- 
sent the SO. *, P < 0.01. p-F) For B cell division incasurcuient, purified B cclb were la- 
beled with fluorescence dye CFS£ as described in Material} and Methods. Cells were then 
iucuttated for 24. 48. and 72 h with either 20 M^ud anti-lgM (D). 10 (ig/ml anti-CD40 
(E), or 5 M.g/nil LPS (F) us indicurcd. Loss of C^FSE fluon;sceiH-e» indic^iting cell division 
progicssion. w;^ n)e3.sured by flow cytometry. Lymphocyte-gated populations were deter- 
mined to be live cells via duplicate samples stained with propidiuni iodide. SoUd filled histo- 
grains indicate actis'atod ccllt and untilled Imtognum rcprcjienr cultures at t » 0. Mistograru 
nturkers indicate the percentage of celh that undeiwcnt at least three rounds of division. (C-1) 
Splenic B220'' cells <^f DR6-deficient (DRd*"^* ) and WT contrtjl mice were stiinulifcd 
witli cidier 20 \i.\*/m\ anti-lgM (G), 10 M-g/ml anti-CD40 (H),.or 5 pi^/xvi LPS (1). At 24» 
48, and 72 h of culture, amiexin V binding activity of cells \y>$ anal>'zed by /low cytometry 
as described in Materials and Methods. Values shown represent the oieau percentage of an- 
iiexin V^/propidiuni iodide" cells in duplicate culttifts and error bars repre.«;iit the standard 
devUtion. *. P < O.OS; I' < 0.0 1. 



data .suggest that DR6 may function in part by regulating 
signaling pathways that result in incTe».sing nuclear levels 
ofc-Rel. 



To test whether increased nuclear levels of c-Rel im- 
pacted specific gene expression, we investigated the cxpres- 
.sion Bcl-.Kt. which is transcriptionally controlled by c-Rcl 
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and is important for cell sumval (33). WT and DR6"'^" B 
cells were created for 4 h with anti-lgM or anti-CD40 and 
total cell lysates were probed for Bd-x^ by Western blot. 
Elevated Bcl-x^ protein was observed in activated DR6^^** 
B celb compared widi WT B cells at 4 h for botli sdmuli 
(Fig. 4 C). These data surest that decreased apoptosis ob- 
served in DR6"''" B cells might be due in part to increased 
BcI-Xl expression early after activation. 

Up-rejBiulation of CDS6 Expression and Enhanced APC 
Function in DR6~^'"B Cells. B cell activation leads to the 
up-rcgiiladon of a number of cell surface molecules that 
ate important for T-B cell collaboration (34, 35). Interac- 
tions between CD40 and CD40L can lead to the up-regu- 
ladon of a number of B cell sur&ce costimulatory mole- 
cules including those of the B7 family (35). We compared 
up-regu)atton of several of these molecules on B cells from 
WT and DR6'"'" mice after acrivation. Stimulation with 
either anti-lgM, anti-CD40, or LPS resulted in an in- 
creased number of ceUs widi higli C^D86 surtace expres- 
sion in DR6 B cell cultures compared with WT at 24 h 
(Fig. 5 A). In contrast, surface levels of CD80, CD54, 
CD69, CD95, and MHC class II l-A^were expressed at 
similar levels on DR6 '^ " and WT B cells (Fig. 5 B and 
unpublished data). CD86 surface expression wa** also mon- 
itored at 0, 12, 24, and 36 h widi either anti-lgM, anti- 
CD40, or LPS stimulation. Peak CD86 expression for 
both DR6 and WT B cells occurred from 12-24 h, 
however, DH6' ' cultures consi.stently had 15-28% more 
cells with high CD86 cxprcs.sion compared with WT cul- 
ture.s. By 36 h, anti-IgM-treated DR6"' " and WT ail- 
tures had CD86 levels diat returned to basal levels, 
whereas DR6 ^' cultures widi anti-CD4() or LPS stimula- 



don still c.^ibited 15-19% more CU86*^J*»-exprcssing cells 
compai^d with WT cultures (unpublished data). These 
data suggested tliat DR6 might be involved in regulating 
B cell CD86 expression, which is necessary for T cell pro- 
liferation in response to antigen presentation on B cells 
(36, 37). 

To address whether DR6 affects dieir physiological 
function as APC, B cells of DR6''^'" mice and WT litter- 
mates were sdmulated with anti-CD40 for 24 h. Acdvated 
B cells were dien washed, irradiated, and used in mbced 
lymphocyte stimulation assays widi allogeneic T cells as re- 
sponding cells. Fig. 5 C illustcates that an augmented T cell 
proliferative response was observed when acdvated 
DR6"'" B cells were used as stimulator cells. These results 
surest that DR6 itiight be uivolved in B cell APC func- 
don, which in turn could affect the outcome of B and 
CD4 T cell interactions that occur during adaptive im- 
mune respoases in vivo. 

hicreased T-dependent and T-indepvndent Humoral Rcspiuises 
in DR6 "^'" Mice. The effects of DR6 deficiency in hu- 
moral respoases to T-dependent andgeh were compared by 
challenging DR6' and WT mice with NP-conjugated 
KLH (NP-KLH) in CPA. In agreement widi an earlier 
saidy (26), we detected modest increases in NP-specific 
IgM but a large increase in IgG, at day 7 in DR6'*'" mice 
compared with WT (Fig. 6, top). Although IgC^^^ was not 
significantly different between DR6"'^" and WT mice, the 
absence of DR6 gready increased serum levels of NP-spe- 
cific IgG,!, and ^g^j (Fig. 6, top). 

Data presented so far would indicate an intrinsic role for 
DR6 in B cell acdvarion. To investigate this fijrther, WT 
and DR6'**^" mice were immum'zed with either a T-inde- 
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^ ^: Figure 4, Increased nudwr levels and activ- 

ct^W . . ♦ * * 4 ^ .. of c-Kd and rfcvared Bdwc^ cxpwoiou in 

A activated DR6-'"B celhs. (A) Western blot 

^^^^^^i^^^^m^- ""'^ ^" cytoplasmic and nuclear ex- 

'i v; :, f :.. ; ; : • ^ traciB from ORft-dcficicnc /-) and WT (wt) 

D cell cultures. FuriTied spl«nic B cells w^e 
sdinubted with or without 10 |ig/ml auti-IgM 
or 1 (i4t/nil and-C:D40 for 30 inin or 4 h asc in- 
dicated. Cytoplasmic (Q and nucle;kr (N) ex- 
tracta were prepared as described in Materials 
and McriuuU. C-Rcl \vav deircvd widi fpeciHc 
anti-c-Rel Ab after SDS-PAGB. Equal 
amounts of either cytoplasmic or nudrat pro- 
tein extracts were loaded into wells and dAC^i 
shown are representative of two independent 
cxpciiincnts. (B) GMSA with nuclear fractions 
of nurr' ■ and WT D ceUs activateil wi* anii- 
IgM or aiiti-(Xt4(l tor 03 or 4 h as described in 
Materials and Metluxk Nuclear c-Rd ftam ac- 
tivuted DR6~'" B cells bound to its spedfic 
DNA probe (top) and supcahifted with the 
addition of anti-c*Rel antibody (bottom). 
Middle bands were nonspecific binding, as thc^ 
were not competed by cold homologous oli^- 
nuclciitide. (C) B cells from OR^-dcTicient 

(•"/-) or WT (wt) were cither untreated or treated with anti-lgM or and-CD40 for 4 \\ and total cell lysates were prepared in IX KIPA buffer as de- 
siribcd in Materials and Mcthoils. AlVcr SDS-PACE and Western transfer, Bd-x,.in anti-C;n4()--siiinulated wmples vraa detected \vid» raWnt polyclonal 
anti-Bcl-X|,, whereas mouse monoclonal anti-Bct-Xi, was used to detect the pmrein in anu^lgMHieated samples as the stiioulns v/xt a rabbit and-^nouse 
IgM andbody that wax detected by the origiiul secondary, anti-fabbit antib«»dy. All bh>tt wens pnibed witli mouse anti-^ acdn as a loading control. Data 
shown arc nsprcsenutivc of two independent cxpcnuicnts. 
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Figure 5. Eidmiced cxprasidon ofCDHft and APC function by activated OK6"' ttrlls. (A) 
B220' ceUs from DRfi"'" or V/T mice were stiiuutoted with 20 p4{/u\l dnti^lgM, 10 ^^tiA aiiti- 
C:U4(). or 5 M-g/niJ LPS tor 24 h and analyzed by flow cyronieury for (^386 mt&cc cxpnrssion. Solid 
line hinogTAins repnsscnt C086 *wiiiing of activated cells uiid da^hetl line histograim represent un- 
^^"^ » stiinubted levels. (B) As, in A but LPS-stiinuJatcd B cell cultures were analyzed for sur^ce expcesrion 

of MHC class U I-A*>(top) and C-D80 (bortom). Y axis rcprcseuLs relative cell number and x axis rep- 
resents Iog,o fluorescence Intensity. (C) For ullogcncic T cell proliferation assay, responding T cells were purified fiom UALB/c mice and cultured 
in the presence or absence of irradiaccd WT or OR.6-deficicnt (-/-) ii cells that were previously stimulated with 10 jxgAnl anti-Ci:)40 for 24 b and 
dicn irradiated- After 5 d of incubation, the proliferation of allogeneic T cells was measured by pHJth>iiudtnc incorporation in the last (» h of pulse. Val* 
ue5 *hown reprc^em the mean, and cn-or bare vcptrsciU die SD. *, P < 0.01. Data shown arc representative of three independent experimaits. 



pendent type I (NP-LPS) or type II (NP-FicoU) anrigen, 
InuTiiinizadon with NP-LPS induced higher average NP- 
specific titerji of all isotypcs in DR6"'^" mice compared 
with WT Iittennates» although overall levels of TgCJi, IgGa^, 
and lgG2b were lower than for NP-KLH iimnuiiization 
(Fig. 6, middle). Immunization with NP-Ficoll resuhed in 
significantly (P < 0.01) higher titers of NP-specific IglVl 
and IgGl in DR.6"^"' mice compared with WT mice, 
whereas IgGib was higher at days 4-7 and IgGj wa.s higlier 
at day 4 in DR6~^*' mice (Fig.6. bottom). There was no 
.significant difference of IgG^ between WT and. DR.fr'" 
mice at days 7 and 14. Tliese results indicate that urgetcd 
disruption of DR6 not only affects in vivo T-dependent 



humoral respoases, but also has effects on T-independcnt 
type I and II humoral responses. 

Cerminal Center fomiation h Augmented in tite Ahsem* of 
DR6. During T-dependent B ceD responses, gemiinal 
centers ;ire the anatomical site of T-B cell interactions and 
represent a physiological halhnark of Th activity. To deter- 
mine if DR6 deficiency affects gemiinal center fonnatioii, 
spleens ()f WT and DR6 nucc inununized with NP- 
KLH were removed at day 14 and analyzed by inmiuno- 
liistochemistry. Although spleen sections from naive WT 
and DR6'*^" mice displayed no gross anatomical differ- 
ences (25 and unpublished data), spleen sections from im- 
munized DRf)"''- mice stained for B220 exhibited in- 
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Figurd 6. Enhanced T-dependcnt and 
T-indcpcndenr tj'pe I und II rcspt^nsw in 
OKfr '' mice. CJohom (ii 5) of ORfj- 
deficient (DRfV* ' *) and WT inice were im- 
munized with cither 50 NP-KLH 
(T-dependent), 20 jtg NP-IPS (T-indc- 
pendent type I), or 10 M^g NP-Ficoll 
(T-indei>eiulent type 11) on day (I Scrum 
NP-spccific IgM and different IgG isotypes 
leveb were mea«(urcd fnvii preiinmune 
mice (pre) and at days 4, 7, and 14 after 
challenge by ELISA as described in Materi- 
als and Methodt. Valucv 5hown represent 
mean values of five inicc from each geno- 
type group and enror ban rrprcsent die 
SEM. *.P<0.05; **,P <0.0I. 
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creased cellularicy and size of the D cell area of white pulp 
compared witli WT splceiis (Fig. 7, top). Staining witli 
PNA revealed an enhanced size of geniiinal centers in 
DR6"'~ mice compared with WT controls (Fig. 7, bot- 
tom), indicating that die absence of DR6 also enhances the 
development of anatomical locations of B cell proliferation 
after antigen challenge. 

Discussion 

Intracellular signah generated by interactions between a 
number of TNF/TNFR family members liave been shown 
to be critical for the function of B lymphocytes at multiple 
steps of humoral iirwiiune responses (1, 3-17, 35). Stimula- 
tion of CD40 on B cells is essential for Ig isotype class 
switching of T-dependent antibody responses and germinal 
center formation (38, 39). Interactions between B lympho- 
cyte stimulator (BLyS) and its receptors have been shown 
to influence multiple aspects of B ceil biology, including 
development, proliferation, homeostasis, and humoral re- 
sponses, especially to T-independent type II antigens (5- 
13, 15-17). Absence of DR6 was previously shown to 
enhance CD4 ^' T cell proliteration along with Th2 differ- 
entiation and cytokine production (25. 26). In the cout$e of 



in vivo responses, however. CD4"*" T cells undergo multiple 
interactions with other cell types to establish protective 
immunity. During T cell-dependent B cell responses, in- 
teractions between antigen-BCR, MHC class Il-peptide- 
TCR, CD28'<:D86. and CD40-<:D40L generate intra- 
cellular signals in both T and B cells that are necessary for 
the progression of a humoral response (40, 41). Surface ex- 
pression of DR6 was detected on resting B220"^ cells and 
like CD4*T cells (25), this expression v^'as down-regulated 
after stimulation (Fig. 2). These data suggested that DR6 
may also have functions intrinsic to B cells that occur early 
in responses. 

We investigated tlie impact of DR6 deficiency on mod- 
ulating B cell responses both in vitro and in vivo. DR6''' " 
mice exhibited no gross defects in B cell development or in 
peripheral populations of conventional B2. Bl, or mai^nal 
zone B cells (Fig. 1). The in vitro proliferation of DR6"*' * 
B cells was markedly increased after srimulation with either 
anti-IgM^ anti-CD40, or LPS (Fig. 3, A-C). These re- 
sponses were due. at least in part, to increased cell mitosis 
(Fig. 3, L)-F) and reduced apoptosis (Fig. 3, G-1) after acri- 
vation. Together, these in vitro results indicate that lack of 
DR6 in B cells can influence their activation, proliteranon, 
and survival. 




Figure 7. Expanded U cell ;\rc:w and cnluiucd genniiml ccnt<rr fonnatiuii in DK6"''*'inico. For inu«uaol»i«ologica! aiulysis. xptccn^ fmni cohorR (m = 
3) of OR6-deHcient (0R6"'") or WT mice were removed at 14 d after NP-KiF^ challenge and secdom were prepared as described in Materiak and 
Mcdiods. B220* area-; of the splenic while puip are shown in brown at lOX (top). (!cnitinal cenu-nt were visualized by PNA ' staining of suircssivc 
spleen sccrioms described above, PNA* areas (in brown) witliin tlie B cell follicles indiwtc germinal centers (Luittom, 40X). B220 and PNA staining was 
visualized with 3..V-dianuiiobcn2idiiie chronugen and sections were couiicersuined with henucoxytin. 
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NP-kB/RcI fainily members are among die many tran- 
scription factors implicated in controlling gene expression 
in B lymphocytes and also can serve to protect cells from 
apoptoric signals (22, 32. 33). C-Rel is expressed at high 
levels in lymphoid cells (19). C-llel-dcficicnt B lympho- 
cytes have impaired proliferative responses to anri-lgM, 
anti-CD40, or LPS and exhibit defects in their ability to 
receive survival signals tlirough and-lgM or LPS stimula- 
tion (21, 23). In our study, increased nuclear levels of 
c-Rel capable of forming c-Rel-DNA complexes were 
observed in activated DR6""^" B cells, suggesting that DR6 
may regulate B cell prolifemtive responses, at least in part» 
through a c-Rel-mediated pathway. Our data is consistent 
with previous studies (21. 22) indicating that c-Rel is a 
critical traascription iactor for both cell division and apop- 
tosis, and DR6 appears to be involved in regulating nu- 
clear c-Rel activity. The increase of nuclear c-Rcl in 
DR6"'' 'B cells could be caused by accelerating the nu- 
clear translocation by increased NF-kB pathway activation. 
However, we did not observe any difterences in NF-kB ac- 
tivation between WT and DR6 B cells after stimulation 
(unpublished data), suggesting the increase of nuclear c-Rel 
is not due to increased NF-kB activation and accelerated 
c-Rel nuclear translocation. 

Bcl-2 family proteins have been shown to play an im- 
portant role for the survival of variou.s stages of B lympho- 
cytes and Bcl-x^ is crucial for the survival and maturation of 
genninal center B cells (42). The expression of apoptosis 
inhibitor BcI-Xl ls known to be transcriptionally regulated 
by c-Rel (33). Enhanced expression of Bc1-Xl was observed 
in activated DR6"' " B cells (Fig. 4 B). .suggesting that in- 
crea.scd nuclear c-Rel levels and BcI-Xl expression may 
contribute to both increased proliferation and decreased 
apoptosis of activated DR6*^"B cells. 

The CD28-CD86 interaction has been detnonsttatcd to 
be importatit for T cell activation (43). Increased expres- 
sion of CD86 upon stimulation of B cells through BCR or 
CD40 was found to contribute to enhanced production of 
lgC| and IgE (44). Additionally, it was recenUy reported 
that signals induced by cross-linking of CD86, but not 
CD80, on activated B cells enhanced proliferation and pro- 
duction of IgGl along with augmenting levels of BcI-Xl 
(45). Upon activation, a greater percentage of cultured 
DR6''^"* B cells exhibited high CD86 surface expression 
compared with WT B cells (Fig. 5 A). In addition, our tbta 
demonstrated increased allogeneic T ceil proliferation in 
response to previously activated DR6'*'" B cells as APC 
(Fig. 5 C). The increa.sed CD86 expression of DRfr^-^B 
cell populations may contribute, via costinuilatory signals^ 
to increased T cell responses and/or may also provide sig- 
nals directly to die B cell itself 

CD4* T cells can influence antibody isotype secretion to 
T-dependcnt antigens. Th2 cells contribute to IgG, and 
lg£ isotype generation whereas Thl cells influence IgGj, 
and IgG^ isotypes (46. 47). Previous studies showed that 
upon KLH challenge, production of Th2 cytokines was 
markedly higher in the activated DRfr''" T cells (25, 26). 
Consistent widi these previous studies. DR6"^" mice im- 



munized witii NP-KLH exliibited increased IgM and igG| 

isotypes at day 7, however, no significant difference was 
observed in IgCJo, levels compai-ed with WT controls. 

hi addition, we observed aji increase in the size of ger- 
minal centers in DR6"''* spleens after T-dependent antigen 
challenge (Fig. 7). Previous studies have shown that CD28 
is a crucial factor for germinal center fonnation (48) and 
CD28 expression is up-regulated in DR6'"^" T cells com- 
pared with WT mice (25). This, along with higher B ceil 
CD86 e.Kpression, suggests that DR6~'*' B cells received 
stronger stimulating signals in the T cell-rich regions of die 
wliite pulp to promote the fonnation of germinal centers. 
Although the absence of DR6 affects T-dependent hu- 
moral responses, it is unclear whether tliis is mediated 
through intrinsic effects on B cells, die preferential Th2 dit- 
ferentiation of CD4* T cells, or a combination of both. 

T4ndependent antigens are also critical for host defense 
and involve the stimulation of B cells by antigen-present- 
ing dendritic cells without the initial involvement of 
CD4* T cells (49), In addition to T-dependent humoral 
responses, DR6"'" mice also displayed incre.-»sed Ig levels 
in response to T-independent type I (NP-LPS) and type 11 
(NP-FicoU) antigens. These data further indicate that 
DR6 serves a regulatory role that is intrinsic to B cells* al- 
though it does not exchide the possibility that DR6 influ- 
ences cellular re.spon.ses in both the itmate and adaptive 
amis of host defease. 

Our current studies provide evidence that DR6 has a 
fundametual role in activation-induced B cell expansion, 
survival, and humoral responses. Therefore, modulation of 
the DR6 signaling pathway might be able to control the 
extent of B cell responses in addition to CD4* T cell re- 
.spcmses and potentially provide therapeutic benefits to treat 
certain immune system disorders, such a.s a.sthma, allergy, 
and various autoimmune di.seases. 
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